Abstract The objective of this paper was to determine the outcome of the transfer of the latissimus dorsi tendon in patients with massive irreparable rotator cuff tears. Eighteen patients of mean age 54 years (range 37-72 years) with massive irreparable rotator cuff tears were studied. The mean follow-up was 28 months (range 12-58 months). The postoperative Constant score was higher by an average of 21.15 points compared to the preoperative score (P=0.002); 88.8% of patients reported significant pain relief and improved mobility, particularly on external rotation. Postoperative resting antero-posterior radiography in neutral rotation revealed a mean 3.2-mm depression of the humeral head, due to the tenodesis effect of tendon transfer, thus, increasing the deltoid lever arm. These clinical results suggest that latissimus dorsi transfer is a useful surgical technique for treating massive irreparable postero-superior tears of the rotator cuff in young and/or active patients, providing significant pain relief and improved shoulder strength.
Introduction
Rotator cuff tears are frequent after a certain age, occurringaccording to Bigliani et al. [4] -in 39% of people over 60. They appear to become more common as the body ages [18] and, in 80% of cases, are progressive [4] . However, it is not known why some tears are symptomatic and others are not.
The treatment of choice in symptomatic rotator cuff tears is the suturing of the tendon and reattachment to bone, through either open or arthroscopic surgery [4, 5, 7, 10, 23] . Unfortunately, over 30% of tears [21] are too large (over 5 cm) to be repaired, since direct attachment of the tendon to the proximal humerus is technically impossible, despite the mobilisation of the remaining soft tissue. Chronic tears may give rise to tendon retraction, atrophy and fatty degeneration of the affected muscle [13] , leading to impaired muscle quality and, often, to defective contraction, which renders bone reattachment ineffective. In such cases, the therapeutic options include arthroscopic debridement [10] , acromioplasty [17] , biceps tenodesis [20] , cuff fixation to avoid progression [5] , tuberoplasty [9] , tendon transfer [1-3, 6, 11, 12, 15, 19, 21, 22] and tendon graft.
The results obtained using these techniques vary considerably, and the optimal management of massive irreparable rotator cuff tears remains controversial; the treatment of choice will be governed by a number of factors, including the type of tear and the patient's age, symptoms and functional demands.
One possible approach to rotator cuff tears is tendon transfer, which is widely used in the treatment of the increasingly rare obstetric brachial plexus palsy, particularly involving C5, with congruent glenohumeral joint [16] . In 1988, Gerber et al. [12] described the first transfer of the latissimus dorsi tendon in the treatment of irreparable rotator cuff tears. This paper presents a retrospective study of patients undergoing latissimus dorsi transfer for massive irreparable rotator cuff tears, analysing the results obtained and seeking a biomechanical explanation for the efficacy of this approach.
Patients and methods
This retrospective study included 18 patients (13 female, 5 male) treated between June 2000 and March 2005. Preoperative and postoperative clinical examinations were performed, and the Constant test [8] was used to assess pain, mobility and strength. To check for possible osteoarthritis and proximal migration of the humeral head, anteroposterior radiography of the shoulder, in neutral rotation, was performed preoperatively and again at the end of the follow-up period. The presence of proximal migration was shown by an interrupted Shenton's line extending from the glenoid rim to the humeral neck; migration was measured in mm up the humeral neck rather than in the subacromial space, which might have been modified by subacromial decompression (Figs. 1 and 2 ). Only one patient displayed mild arthrosis, with osteophytes less than 3 mm and no evidence of joint-line irregularities or subchondral sclerosis. Magnetic resonance imaging (MRI) was also performed preoperatively to check for tendon retraction, atrophy and fatty degeneration of the affected muscle (Fig. 3) . Preoperative examination included the Napoleon test to rule out subscapularis tears; the findings were confirmed by MRI. Patients with subscapularis tears were excluded from the study.
Surgery was performed by the same team in all cases, using the technique described by Gerber et al. [12] . The patients, none of whom had undergone previous surgery, received prophylactic antibiotic therapy using a secondgeneration cephalosporin, which was continued until 24 hours post-operation. The patient was placed in the lateral decubitus position, and an axillary roll was placed to protect against nerve-vessel compression in the contralateral arm. The affected arm, shoulder and dorsal periscapular region were draped free. The rotator cuff was first exposed through an antero-superior approach, and the latissimus dorsi through a dorsolateral approach along the line of the muscle-tendon junction. All shoulders had tears involving both the supraspinatus and the infraspinatus. The subscapularis and long head of the biceps were unaffected in all patients.
The deltoid was detached from the acromion and an anterior acromioplasty was performed. The latissimus dorsi was dissected from the point on the scapula where separation from the teres major was clearest, in an axillary direction as far as the osseus attachment on the humerus. Forced internal rotation and good separation were essential when dissecting tendon from bone, in order to avoid neurovascular injury. Non-resorbable sutures were placed along each edge to initiate muscle-tendon fixation; braided sutures were used to fix the tendon, in order to avoid possible subsequent detachment. The muscle was broadly dissected to ensure good freedom and mobility (Fig. 4) . The neurovascular pedicle was not identified in most cases. The interval between the deltoid and the infraspinatus fossa was dissected, and the transfer was then passed through for reattachment to the greater tuberosity and the subscapularis tendon. Sutures were performed first on one side and then on the other, in order to avoid twisting the tendon during transfer. The tendon was anchored to the bone and to the subscapularis using non-resorbable transosseous sutures. It was not always possible to anchor the tendon to the retracted edges of the supraspinatus. The deltoid was then reattached to the acromial border with transosseous sutures, and a suction drain was placed posteriorly for a minimum of 48 hours.
Postoperatively, the arm was immobilised in mild abduction (20-25°) for 6 weeks. Passive physical therapy was started after 4 weeks, and active therapy 6 weeks, after the removal of immobilisation. The recovery period varied, but was at least 6 months.
Statistical analysis of the data was performed using the Wilcoxon non-parametric test for paired data (using confidence interval 95%).
Results
The 18 patients were followed up over a mean interval of 28 months (range 12 to 58 months) following latissimus dorsi transfer. The average patient age was 54 years (range 37 to 62 years). The mean preoperative pain score on the Constant scale was 6.04 points (range 4.2-8 points), while the mean postoperative score was 12.9 points (range 8.3-14.3 points) (P=0.018). Preoperative pain was reported as intense in 11 cases and moderate in 7 patients. The postoperative pain was intense in 2 patients, moderate in 2, mild in 6 and nonexistent in 8 patients. Overall, 16 patients (88.8%) reported pain relief (Table 1) .
Mobility
The preoperative mean flexion was 93°(range 40°-160°), while the postoperative mean flexion was 139°(60°-180°), giving a mean improvement of 46°(P=0.003). Abduction increased from 85°(range 30°-130°) to 125°(range 40°-160°), with a mean improvement of 40°(P=0.025), and external rotation rose from 8°(range −10°-18°) to 30°( range 0°-40°), an improvement of 22°(P=0.009).
Strength
The mean preoperative strength was 13 kg (range 9-15 kg), rising postoperatively to 17 kg (range 12-21 kg), an improvement of 4 kg (P=0.001).
The mean preoperative Constant score was 49.10 (range 30-64), which increased postoperatively to 70.25 (55-85), a mean increase of 21.15 points (P=0.002).
Patient subjective evaluation was very good in 9 cases, good in 5, poor in 2 and very poor in 2.
Antero-posterior radiography of the shoulder, in neutral rotation, showed a mean proximal migration of the humeral head of 5 mm (range 1-7 mm); postoperatively, the mean proximal migration was 1.8 mm (range 0-4 mm) (P=0.001), a decrease of 3.2 mm.
Complications arose in two cases: acute staphylococcus infection, requiring surgical drainage, debridement and intravenous antibiotic therapy for 3 weeks; and donor-site haematoma, requiring drainage and reattachment of the suction system for 48 hours.
During follow-up, one patient presented spontaneous rupture of the biceps tendon 4 weeks post-surgery (treated conservatively). Another patient presented retearing of the transferred tendon 6 weeks post-surgery at the start of active physical therapy; the patient reported intense pain and a tearing sensation in the shoulder. This was initially treated by conservative means, but due to persistent pain, arthroscopy was performed 3 months later; tearing and detachment of the tendon was apparent. Arthroscopic debridement provided mild pain relief, although the pain persisted and shoulder mobility was similar to that reported prior to tendon transfer. No cases of deltoid detachment were found.
Discussion
Good results were reported for tendon or muscle transfer in the treatment of massive rotator cuff tears as early as 1985, when Apoil and Augereau [3] obtained a 75% success rate with deltoid flap transfers. However, use of the deltoid flap to cover cuff tears is by no means an ideal approach, since it involves an impairment of the residual abduction/flexion lever mechanism. Vandenbussche et al. [19] also reported good results with this technique, with an 80% improvement in the mean absolute Constant score value, and subjective results of 89% of satisfied or very satisfied patients after a mean follow-up of 10.5 years. In 1988, Gerber et al. [12] reported on the first use of latissimus dorsi transfer in irreparable supraspinatus-infraspinatus tears, with good clinical outcomes [11] ; since then, a number of studies have reported on the use of this tendon [1, 2, 15, 21, 22] and, to a lesser extent, of the teres major [6] .
The results obtained here indicate that latissimus dorsi transfer is a good treatment option for selected patients with massive rotator cuff tears: the Constant test score improved significantly, rising by 21.15, from 49.2 preoperatively to 70.4 postoperatively; there was significant pain relief in 88.8% of patients; mobility was considerably enhanced (by 46°in flexion, by 40°in abduction and by 22°in external rotation). Although the shoulder strength in all patients failed to attain the values recorded for the healthy contralateral shoulder, there was, nonetheless, an improvement of 4 kg. However, given that this is a complex, open-surgery technique followed by a troublesome postoperative period and a long stretch of physiotherapy-at least 6 months-it is, perhaps, most suitable for young, active patients, offering them significant pain relief and improved strength. In older or more sedentary patients, less aggressive approaches with a shorter and less tiresome convalescence may be preferable and still provide selective pain relief; such approaches include tubercleplasty, arthroscopic debridement and tenodesis or tenotomy of the long head of the biceps.
Biomechanically, contraction of the deltoid due to loss of the supraspinatus muscle prompts a proximal migration of the humeral head, especially in the first few degrees of abduction, as shown by Burkhart [5] and Yamaguchi et al. [24] . The transferred latissimus dorsi, a powerful muscle innervated by the thoracodorsal nerve (C5-C6), becomes an external rotator for the shoulder, following the direction and mimicking the action of the infraspinatus. It also depresses the humeral head, increasing the deltoid lever arm, which might account for improved abduction and flexion of the shoulder joint. Depression of the humeral head occurs in the first place as a result of tenodesis, apparent here in the resting shoulder. However, Aoki et al. [2] report that the electromyography (EMG) examination of patients undergoing active physiotherapy confirms the contraction of the transferred tendon already apparent on palpation; this is likely to exert a further depressor effect on the humeral head, although the extent of depression was not tested here.
During follow-up, only one patient displayed mild osteoarthritis, already noted at preoperative examination. This agrees with the findings of Gerber [11] , who reported no evidence of degenerative change following latissimus dorsi transfer; by contrast, Aoki et al. [2] noted the progression of osteoarthritic degeneration in half of the patients undergoing this type of surgery.
Tendon transfer was not performed in patients with the combination of torn supraspinatus, infraspinatus and also subscapularis. Gerber [11] and Aoki et al. [2] advise against this approach when there is subscapularis involvement, although Warner and Parsons [22] report that it may be effective, even in these patients. Aldridge et al. [1] reported mixed results for combined pectoralis major and latissimus dorsi transfer in supraspinatus and subscapularis tears in patients with preoperative flexion and abduction of less than 90°; only half of the patients undergoing surgery achieved over 90°flexion. In elderly patients displaying less than 80°a bduction, even though the subscapularis remains intact, the success of latissimus dorsi transfer is not guaranteed. As a general rule, in patients with involvement of all tendons, and in patients over 70 years of age with supraspinatus and infraspinatus tears but intact subscapularis who are unable to raise their arm over 80°, inverted arthroplasty may be the most suitable approach for attaining over 90°elevation [2, 11] .
Complications are not common using this tendon transfer technique [2, 11, 14, 22] . In our study, one patient with acute staphylococcus infection required surgical drainage, debridement and intravenous antibiotic therapy for 3 weeks; all non-resorbable sutures and anchors had to be removed, leading to failure of the transfer. The patient displayed significant pain relief, but no improvement in strength. A second patient had donor-site haematoma, requiring drainage and reattachment of the suction system for 48 hours. Although the clinical outcome was good, meticulous dissection and haemostasis of the latissimum dorsi is clearly essential.
During follow-up, one patient presented spontaneous rupture of the long head of the biceps tendon 30 days postsurgery; this was treated conservatively, with non-steroidal anti-inflammatory drugs (NSAIDs) and rest for a few days. The clinical outcome was good, with complete pain relief and improved shoulder strength, marred only by some aesthetic deterioration due to the biceps tear. One patient (5.5%) presented retearing of the transferred tendon 6 weeks post-surgery at the start of active physical therapy. This complication was reported by Warner and Parsons [22] in 17% of patients and by Aoki et al. [2] in 8.3% of patients; other reports make no mention of it [1, 12, 15] . The tearing of this tendon, despite careful initial fixation of the muscle-and-tendon unit and subsequent suturing to the humeral head and the subscapularis, was probably due to the thinness of the transferred tendon and to the difficulty in gaining firm anchorage to soft tissues and to the humeral head. The outcome was very poor, with no pain relief and no improvement in mobility.
No cases of deltoid detachment [14] were found in the patients studied here. This may be due to the small number of cases studied, or to the fact that we are usually very careful when reattaching onto the acromion, using transosseous sutures and immobilising the arm for 6 weeks after surgery; most reported detachments take place during this period.
In view of the good clinical results obtained here, tendon transfer would seem to be a good therapeutic choice for certain patients-particularly young, active subjects-with irreparable rotator cuff tears involving the supraspinatus and infraspinatus, but not the subscapularis. In these patients, tendon transfer provides pain relief and a varying degree of improvement in shoulder strength.
